Objectives: To better understand future home-based care needs and costs for disabled elders in China. Method: To further develop and apply the ProFamy extended cohort-component method and the most recent census and survey data. Results: (a) Chinese disabled elders and the annual growth rate of the percentage of national gross domestic product (GDP) devoted to homebased care costs for disabled elders will increase much more rapidly than the growth of total elderly population; (b) home-based care needs and costs for disabled oldest-old aged 80+ will increase much faster than that for disabled young-old aged 65-79 after 2030; (c) disabled unmarried elders living alone and their home-based care costs increase substantially faster than those disabled unmarried elders living with children; (d) percent of rural disabled oldest-old will be substantially higher than that of rural population after 2030; (e) sensitivity analyses show that possible changes in mortality and elderly disability status are of Aging and HealthZeng et al.
Introduction
With a continuing increase in life expectancy and decline in fertility rates, population and household aging has become a serious challenge in China. Projections under the medium fertility and mortality assumptions by the United Nations and other scholars inside and outside China confirm the likelihood of an extremely rapid increase in the number and proportion of older adults in China in the first half of the 21st century. Under the medium or low mortality assumptions, the total number of elderly aged 65+ in China is estimated to increase dramatically from 111 million in 2010 (8.2% of the total population) to 337 to 400 million in 2050 (23.9% to 26.9% of the total population); the number of oldest-old aged 80+ who most likely need daily life assistance was 19.3 million in 2010, but it will climb extraordinarily to about 107 to 150 million in 2050 (Zeng & George, 2010) . Population aging will affect the old-age dependency ratio in China, which will climb up from 0.11 to 0.24 and 0.42 in 2030 and 2050, respectively, 2.18 and 3.80 times the value in 2010 (United Nations, 2011) . Rapid population aging may bring about a heavy burden to the families of the elderly and the whole society, and may erode the foundation of needs and costs of home-based care, which has supported older adults for a few thousand years in China. For consistency of analysis of this subject, throughout this article the concept of "home-based care needs" refers to age-gender-marital status-rural/urban-living arrangement-specific distributions of disabled elders, and the concept of "home-based care costs" refers to the costs of home medical, home nursing, or household paid-services and informal care (opportunity costs without cash payment) provided by family members or friends.
Rapid population aging in China will result in a declining labor supply and an increasingly higher proportion of GDP transferred into the long-term care for the elderly, which would negatively affect development at the macroeconomic level. At the microeconomic level, given that the current social endowment system for older adults in China is imperfect, population aging may lead to an increasingly heavy burden on home-based caregivers resulting in increased precautionary saving and reduced consumption (L. Li & Chen, 2006) .
Older adults aged 65+ in China today have about five to six surviving children on average; Chinese baby boomers, who were born during 1950s and 1960s and will become elders after 2015, have fewer than two adult children on average due to a strict birth control policy and substantial changes in fertility attitudes along with rapid socioeconomic development (Zeng, 2007) . This greatly decreased availability of children plus an increased geographic/residential mobility of working-age people associated with economic development will produce a rapid increase in empty-nest (without children living together) elderly households; many Chinese elders will face the problems of lack of daily caregiving, which may deteriorate the foundation of home-based care for the elderly population and aggravate the economic burden and opportunity costs to adult children. However, on the other hand, lower fertility and mortality are associated with higher human capital investment per child, also raising labor productivity. If appropriate institutions and policies for the consequences of population aging are in place, the positive changes due to human and physical capital accumulation will likely outweigh the problems of declining support ratios (Lee and Mason, 2010) , and China may be able to successfully face the serious challenges of population aging .
A number of prior quantitative studies have projected home-based care needs and costs for disabled elderly in developed countries other than China (e.g., Center for Medicare and Medicaid Services [CMMS], 2004) , but most prior studies in China were qualitative (e.g., Hu et al., 2003; Jiang, 2008; J. Li, 1998) . Generally speaking, three types of care costs for older adults are described in quantitative studies: (a) home-based care, measured in cash expenditures; (b) non-cash home-based care time (opportunity costs) delivered by family members; and (c) inpatient and outpatient care, measured in cash expenditures. It is widely accepted that care needs and costs are closely related to the health status of older adults. Health survey data based on activities for daily living (ADL), including bathing, dressing, eating, indoor transferring, toileting, and continence, are available and have proven in many studies to be a significant predictor of health status, care needs and costs, and mortality among older adults. As a result, many scholars use ADL status to measure health care needs for older adults (e.g., Liang, 1999) .
Projections of ADL status among older adults in developed countries have been relatively popular in recent decades and generally follow two methodologies.
The simple proportional distribution projection method multiplies the age-sexspecific proportions of ADL statuses of older adults at baseline by projected agesex-specific numbers of older adults in future years (Suthers, Kim, & Crimmins, 2003) . The multistate transitions projection method estimates the age-sex-specific transition probabilities matrices of ADL statuses of older adults based on survey data and combines them with matrices of status-specific population forecasts (e.g., Lakdawalla et al., 2003) . In general, most demographers calculate projections of elderly home-based care needs and costs by multiplying the ADL status-specific costs per person at baseline by the projected ADL status-specific population distribution in future years (Mayhew, 2000) . A few scholars have projected care expenditures separately for surviving elders and for the deceased elderly in the last month or so before death (Serup-Hansen, Wickstrøm, & Kristiansen, 2002) .
A series of studies indicated that the home-based care needs and costs are closely correlated with the age, gender, marital status, and family structure of older adults. For example, disabled elders who are unmarried or living alone have much higher care needs for paid services in the home than those who live with children and/or a spouse (Grundy, 2001) . Older adults who coreside with children tend to receive more informal, non-cash home-based care than those with an empty-nest (Zhang, 2004) . However, almost all previous projections of home-based care needs and costs did not consider simultaneously the different ADL statuses dynamic transitions, family structures, and living arrangements of older adults. The present study overcomes this limitation by introducing multistate projections of ADL status transition dynamics for older adults into the ProFamy extended cohort-component method for family household and living arrangement projection (Zeng, Land, Wang, & Gu, 2006 , 2013 Zeng, Vaupel, & Wang, 1998) . The theoretical framework, method, and computer programs of the ProFamy multistate model are substantially extended in this article to project simultaneously the family structure, ADL status transitions, and home-based care needs and costs for the elderly population, aiming to provide informative projections/ simulations for sound policy analysis.
Methods, Data, and Projection Scenarios
Methods Figure 1 presents the theoretical and demographic framework of this study, highlighting interactions among home-based care needs, resources, and costs, as well as their socioeconomic implications. Based on this framework, we extend the ProFamy extended cohort-component method into a model for projecting home-based care needs and costs for older adults.
As noted above, almost all of the previously published projection models for the elderly disabled population and home-based care needs and costs ignored the family household structure and living arrangements of older adults; this was due to lack of reliable methods using available demographic data to project households and living arrangements. Currently, the classic headship-rate method is the most commonly used approach for household projections, although it has been criticized widely by demographers for more than two decades (Grundy, 2013; Mason & Racelis, 1992; Murphy 1991; Spicer, Diamond, & Bhrolcham, 1992) . The headship-rate method is limited because it is based on the vague and ill-defined concept of household heads (Mason & Racelis, 1992; Murphy, 1991) , has no connection to demographic rates due to the nature of its cross-sectional extrapolations (Spicer et al., 1992) , and lumps all household members other than heads into one category "non-head" with no projected information. This last limitation makes it impossible to study the household status and living arrangements of the elderly, adults, and children who are not heads of households. Consequently, the headship-rate method is not appropriate for projections of home-based care needs and costs for disabled elderly, which are directly linked to all older adults in the population and their family household structure and living arrangements.
In contrast to the classic headship-rate method, the extended cohort-component model for projecting household types, sizes, and living arrangements, known as ProFamy, projects all individuals in households (including older adults) grouped by cohorts and specified attributes (e.g., sex, age, rural/urban, marital/union status, co-residence status with children and parents), using demographic rates as input. The ProFamy model was initially developed by Note. ADL = activities for daily living. Zeng et al. (1998) based on the pioneering innovation of the family status life  table model by Bongaarts (1987) and further extended/justified by Zeng., Land, et al. (2006 , 2013 . The ProFamy method has been employed in various studies, for example, in Prskawetz et al., (2004) ; Smith et al. (2008) ; Dalton et al. (2008) ; Smith et al. (2012); and Feng et al. (2011) .
Empirical tests of ProFamy projections from 1990 to 2000 using observed U.S. and Chinese demographic rates before 1991 show that forecast errors, measured by discrepancies between the projected values and census observations in 2000, are reasonably small at the national level Zeng et al. 2008) . Test comparisons of projections of household and living arrangements from 1990 to 2000 using the ProFamy method with census counts in 2000 for each of the 50 U.S. states and DC showed that 68.0%, 17.0%, 11.2%, and 3.8% of the absolute percent errors are <3.0%, 3.0% to 4.99%, 5.0% to 9.99%, and 10.0%, respectively (Zeng, Land, et al., 2013) . Similar results have been found in comparisons of ProFamy projections from 2000 to 2010 and 2010 census-observed Chinese households and population by regions of Eastern, Middle and Western regions, Beijing and Hebei province, and so on (Zeng et al. , 2013 . The various tests have confirmed that the ProFamy model for household and living arrangement projections is valid at both national and sub-national levels.
The analyses presented here project dynamic changes in disability status of older adults measured by ADLs (disability status may also be measured by other indicators) and their home-based care costs, classified by age, gender, rural/urban residence, marital status, and living arrangements. The key point of this analysis is to introduce and estimate changes in older adults' disability status and the associated home-based care costs. In this analysis, disability statuses, marital statuses (i.e., unmarried, married, widowed, and divorced), number of co-residing children and co-residing parents, and living in private or institutional household are identified in the projection model.
In our present analyses, we distinguish four marital statuses (never-married, currently married, divorced, and widowed), two ADL statuses (active and disabled), six parity statuses and six statuses of the number of co-residing children (0, 1, 2, 3, 4, 5+), and three statuses of the number of co-residing parents (0, 1, 2). If a conventional multistate computation strategy were adopted, we would accordingly have to estimate a cross-status transition probabilities matrix with 254,016 (=504 × 504, where 504 = 4 × 2 ×
where the number of co-residing children is equal or less than parity p) elements for each sex at each age of the elderly population. This is certainly not practical, as it would be impossible to have a sufficiently large data set with appropriate sizes of the sub-samples to reliably estimate so many elements of the cross-status transition probabilities matrix at each age and sex, although there are considerable numbers of structural zero elements such as transitions to lower parity. Thus, we circumvent this impossible data requirement by applying a computational strategy of calculating individual older adult groups' changes of marital status, ADL status, co-residence (with parents/children), migration, and survival status, following continuously occurring periodic demographic accounting processes based on commonly available data. More specifically, we calculate (a) ADL status transitions throughout the first and second half of the single-year age intervals and (b) marital/union status changes, children's leaving parental home, migration, and deaths in the middle of the age intervals (see Figure 2 ). This computational strategy was originally proposed by Bongaarts (1987) , further justified mathematically and numerically by Zeng (1991) , and adopted in the ProFamy extended cohort-component model for household and living arrangement projections Zeng, Land, et al., 2013) . As stated above, the empirical tests of ProFamy projections from 1990 to 2000 (or from 2000 to 2010) show that forecast errors, measured by discrepancies between the projected values and census observations in 2000 (or 2010), are reasonably small at both the national and sub-national levels for each of the 50 states and DC in the United States and for each of the regions and provinces in China Zeng, Land, et al., 2013; Chapter 4 in Zeng et al., 2014; Zeng et al., 2008) . These empirical tests further verified the innovative computational strategy adopted here and depicted in Figure 2 . In addition, the present analyses combine the projection of family structure, living arrangement, and ADL status for elders aged 65+ (depicted in Figure 2 of this article) with the projection of family structures and living arrangements of the younger population aged 0 to 64, including fertility, mortality, changes in marital status and co-residing status with children and parents, and migration (see Chapter 2 in , to form a Changes in marital status,co-residence with children, migration, and survival statuses occurring in the middle of age interval (x, x+1) Changes in ADL status of older adults age x age x+0.5 age x+1
Changes in ADL status of older adults comprehensive dynamic projection model for all of the individuals in the population. That is, the extended model in the present article projects not only ADL statuses and home-based care needs and costs for older adults, but also numbers and age-sex-family household structures of the working-age population, which are the caregivers for the disabled elderly. A basic projection module for institutional household arrangements for older adults is also included in the extended projection model. But the projection of institutional-based care costs for the elderly was not included in the present application to China because the sub-sample size for the institutionalized elderly in the Chinese survey was too small to estimate meaningful ADL status transition rates and care costs. Furthermore, projections for institutionalized elders and their costs are a complicated sub-field related to many other factors such as economic income, social facilities, and Chinese cultural attitude, which are out of the scope of the present study. Thus, we focus on home-based care needs/costs projections and analysis. Specifically, the present study focuses on the projection and analysis of how changes in households and living arrangements may affect home-based care expenditures in cash and care workdays devoted to caring for the disabled elders; inpatient or outpatient medical care expenditures are not included, as the needed nationwide data are not available for us and they are outside the scope of this article.
Data Sources and Estimates
Population counts for China classified by rural/urban residence, single year of age, sex, marital status, number of co-residing children and parents, and whether living in private household or institution at the baseline of projection were extracted from the micro-data file of the 2000 census (the micro-data of the 2010 census are still not available for scholars and the public to use so far), and updated by the published rural/urban-single-year-age-sex-specific data from the 2010 census. Based on the micro-data file of the 2000 census and 2005 mini-census for 1% of the population, we estimated the distributions of rural/urban-single age-sex-specific occurrence/exposure (o/e) rates of first marriage and fertility by parity, and age-sex-specific net migration rates between rural and urban areas. The model standard schedules of agesex-specific o/e rates of divorce and remarriages were estimated by the Chinese In-depth Fertility Survey data. We also estimated the rural/urbanspecific general marriage rate and divorce rate based on age-sex-specific standard model schedules of marriage and divorce rates, 2000 census microdata, and published total numbers of marriage and divorce in 2000-2010 (see Zeng et al., 2008 , for more details of the procedure).
Estimates of transition probabilities for ADL statuses among older adults and average home-based care costs for ADL-disabled elders, which are the input of our projections, are based on the Chinese Longitudinal Healthy Longevity Survey (CLHLS). The CLHLS were conducted in a randomly selected half of the counties and cities of 23 provinces (of a total of 31 provinces) in China since 1998, covering 85% of the total population. The CLHLS is a national representative survey on determinants of healthy longevity, which over-sampled the oldest-old aged 80+ especially males, plus comparative samples of the young-old aged 65 to 79. The target was to interview more or less equal numbers of males and females at each of the age groups of 65 to 79, 80 to 89, and 90 to 99. The CLHLS does not follow the proportionally sampling framework to avoid too small sub-sample size for the oldest-old especially males. Consequently, appropriate weights based on the census and the CLHLS data were used to calculate the average ADL status transition probabilities of the age groups in this study.
We used the older adult samples from the 2002 and 2005 CLHLS waves, which contain 15,983 and 16,566 elderly respondents aged 65+, respectively, as well as their follow-up ADL status and survival/death data collected in 2005 and 2008 waves, respectively. The data collected through in-home faceto-face interviews contain basic individual and household demographic characteristics, ADL status, socioeconomic background, health, psychological characteristics, cognitive function, lifestyle, eating habits, economic resources, daily caregiving, and so on. Extensive evaluations of data quality, including assessments of non-response rate, sample attrition, proxy use, reliability and validity of major health measures, mortality rates, and the proportions of logically inconsistent answers have produced generally satisfactory results, compared to other major aging studies (Chen, 2010; Gu, 2008; Shen, 2010) . The CLHLS data have been widely used by demographers inside and outside of China, and its reasonably good quality is widely recognized (e.g., Goodkind, 2009) . ADLs are measured by six separate questions on bathing, dressing, eating, indoor transferring, toileting, and continence; we classify a respondent as ADL disabled if he/she needs help in any one of the above six ADL items, following international standards. Because of too small sub-sample size for some subgroups, it is unreliable to estimate age-sex-attribute-specific ADL status transition probabilities using the directly computing approach. Instead, we applied a "two-step" approach, which was successfully employed in the literature such as Land, Guralnik, and Blazer (1994) and Scafato et al. (2008) . More specifically, we first directly calculated baseline age-sex-specific ADL status transition probabilities with all of the other attributes combined. Second, we then estimated the age-sex-attribute-specific ADL status transition probabilities by multiplying the baseline age-sex-specific ADL status transition probabilities by the multivariate regression estimates of the corresponding odds ratios of ADL status transition probabilities with different attributes, when compared to the baseline. The reason why we adopted this two-step approach rather than a "one-step" approach of applying multivariate regression models to directly estimate the age-sex-attributes-specific ADL status transition is because the estimate of the age covariate coefficients in the one-step regression model produced results, which are out of an empirically plausible range for some age groups. Even after correcting the logic errors by introducing some constraints into the regression, the estimates are still unreasonable.
If a CLHLS respondent reported needing help with an ADL, two further questions were asked: "How much is the total direct cost in cash paid for caregiving last week?" and "How many hours (not-paid) in total did your spouse, children, grandchildren and their spouses, or others help you last week?" Note that the reference period of the last week for care expenditures and time is intended to reduce recall errors of relatively long periods of time, which is a widely adopted international practice in the elderly population heath surveys. For respondents who were interviewed in a previous wave of the survey and died before the follow-up wave, one of his/her family members was interviewed to estimate home-based care expenditures in the last month before death. Home-based care and associated costs included nursing, door-to-door services, and items or goods for care provided in the home, but not inpatient and outpatient medical care and expenditures. We used the 2008 CLHLS data and multiple regression to estimate the average home-based care expenditures in cash (yuan) for ADL disabled survivors (per year) and decedents (in the last month before death), as well as the non-cash homebased care workdays (opportunity costs) delivered by family members for ADL disabled survivors per year.
To reflect the overall relative burdens in future years, we also projected the proportion of home-based elderly care cash costs among the national GDP, forecasted by the World Bank and the Development Research Center of State Council of China (2013).
Projection Scenarios and Parameters
Uncertainties in mortality rates, ADL status changes, and home-based care costs per disabled person should be considered in the design of the projection scenarios. The medium mortality scenario, which is widely used in population forecasts of China by scholars and agencies, assumes a life expectancy of about 79 years for both sexes combined in 2050. This is rather conservative, given that the average life expectancy in Shanghai in 2011 was already 82.5 years (Health Bureau of Shanghai, 2012), 3.5 years higher than the projection for China in 2050. Some recent research indicates that there may be a significant improvement in mortality in the first half of this century because of biomedical breakthroughs and better personal health practices, such as healthy diets, smoking cessation, and exercise (see, e.g., Shekelle et al., 2005) . Therefore, we modeled another more optimistic low mortality scenario, namely, life expectancy for both sexes combined was assumed to approach 84.8 years in 2050, which is only 2.3 years higher than that in Shanghai in 2011. This optimistic mortality scenario is subject to uncertainty, but we believe that it is not impossible. The Chinese life expectancy at birth was 71.4 in 2000 and 73 years in 2005. If the same annual rate of increase as in 2000-2005 were assumed in the future, the life expectancy at birth in China would be 87.4 years in 2050, which may not be feasible, as the rapid socioeconomic development accompanied with substantial reduction in mortality in 2000-2005 may not be sustained through the decades to come. Therefore, we assume a life expectancy at birth of 84.8 years in 2050 and 88 years in 2080 in China in the low mortality scenario, and we believe that such assumption involves a lot of uncertainty but may not be impossible. Despite the uncertainty, the medium and low mortality scenarios (see Table 1 ) bracket an informative range of possible average life expectancies at birth in China in the next decades.
Demographers and health researchers have posited three different hypotheses about the future trends of disability in relation to increasing life span. The compression of morbidity theory assumes that morbidity will decline and become compressed into a shorter duration of disability before death with improvements in healthy lifestyles and increases in life expectancy (Fries, 1980) . Conversely, the second theory argues that morbidity and disability will generally expand with the decline of mortality because it enhances the survival probabilities of unhealthy elderly groups (Olshansky, Rudberg, Carnes, Cassel, & Brody, 1991) . Manton (1982) proposed the "dynamic equilibrium model," which is in the middle between the optimistic and pessimistic hypotheses. It is, however, not clear which theory is more applicable to changes of morbidity and disability among older adults in China. Gu and Zeng (2006) estimated that the prevalence of ADL disability among older adults in China had been declining 0.98% every year. However, Du and Wu (2006) declared that the proportion of disabled elderly population increased by 1% every year. Huang (2006) argued that it is most likely that the agespecific disability of the elderly remains unchanged across future years in China.
Based on this body of prior research, we designed the following four projection scenarios (low, medium, high(a), and high(b)) for combinations of mortality decline and ADL status changes among the Chinese elderly. The low scenario assumes that there will be slow increases in life expectancy (medium morality) with a generally greater improvement in the prevalence of ADL disability among the elderly population (i.e., assuming compression of morbidity). Specifically, this scenario assumes that the age-sex-rural/urban residence-marital status-coresidence with children-specific probabilities of ADL status transition from "active" into "disabled" will decline by 1% annually in the projection period after 2010, while transitions from "disabled" into "active" will increase by 1% annually in the projection period after 2010.
The medium scenario assumes that there will be slow increases in life expectancy (medium morality), and the general health of the elderly population will remain stable (i.e., assuming dynamic equilibrium model). This scenario assumes that the age-sex-rural/urban residence-marital status-coresidence with children-specific ADL status transition probabilities remain unchanged.
The high(a) scenario assumes that there will be more rapid increases in life expectancy (low morality), and the general health of the elderly population will remain stable (dynamic equilibrium). This scenario specifies that the age-sex-rural/urban residence-marital status-coresidence with children-specific ADL status transition probabilities remain unchanged.
The high(b) scenario assumes that there will be more rapid increases in life expectancy (low morality), and the general health of the elderly population will deteriorate in the future (i.e., assuming expansion of morbidity). More specifically, the age-sex-rural/urban residence-marital status-coresidence with children-specific ADL status transition probabilities from "active" into "disabled" will increase by 1% annually, whereas the transition probabilities from "disabled" into "active" will decrease by 1% annually in the projection period after 2010.
We projected future home-based care costs for disabled older adults in cash in two different ways: (a) projecting the annual growth rate of the homebased care costs in cash based on time series data analysis and trend extrapolation and (b) assuming that the annual growth rate of home-based care costs for the elderly would be the same as that for GDP during 2010-2050. We assume that in all of the scenarios, the average number of non-cash homebased care workdays provided by family members per disabled elder per year remains the same as that in the baseline 2010.
To analyze the impacts of different fertility policies on the elderly care providers' resources, we designed the following two fertility level/policy scenarios:
1. A universal two-child with encouraging adequate spacing policy scenario, which assumes a smooth transition period to around 2015 when an average couple in urban and rural areas would have 1.8 and 2.27 children in their lifetime, respectively. We assume that the average age at first and second or higher order births will increase by 0.75 and 1.5 years in 2030 compared to 2015, which constitutes an annual growth rate of about 0.05 and 0.1 years, respectively, during the years 2015-2030, due to delays of marriages and births under rapid socioeconomic development and the encouragement of governmental policies. This assumption is reasonable (or may be conservative), based on recent fertility timing data. As a result, the period total fertility rates (TFRs) of the first and second or higher order births would be 5% and 10% lower than the parity-specific lifetime cohort TFRs, respectively, based on the widely recognized Bongaarts and Feeney equations for translating changes in fertility timing into period TFRs (Bongaarts & Feeney,1998) . This would lead to the period TFRs in rural and urban areas being 2.09 and 1.67 during the period 2015-2030 (see Table 1 ). 2. The rigorous fertility policy remains unchanged scenario, which assumes that the TFRs in rural and urban areas slightly grow to 1.98 and 1.20 in 2015, which is due to an increase in only-child couples who are allowed to have two children; and the TFRs after 2015 would remain unchanged (see Table 1 ). In fact, this scenario assumes that the rigorous birth control policy before the recent rather modest relaxation of allowing only-child couples to have a second child remained unchanged, as what the hard-line people of "strictly controlling for China's population growth" has been insistently and strongly promoting. Note that the reason why we include the scenario of rigorous fertility policy, which had been implemented for more than 30 years but was relaxed rather modestly and recently, is to provide comparative scenarios and projections to show why China needs to adopt the universal two-child policy as soon as possible, and what the hard-line people have been promoting are wrong.
Results
We present in this section the results of our estimates, projections, and analysis, with some explanations concerning the specific points. Discussions of the policy-related results will be presented in the next section.
Age-Specific Trajectories of ADL Statuses Transitions and Home-Based Care Costs
Figures 3a-3d show comparisons of age-specific transition probabilities between ADL statuses for older adults in different groups classified by rural/urban residence, gender, marital status, and co-residence with children, which are inputs for our projections. The age-specific transition probabilities from "active" to "disabled" are relatively low for those elders aged 65 to 74, and grow quickly after age 75. Differences in transition probabilities from "active" to "disabled" between different groups of rural/urban residence, gender, and co-residence status with children are rather small before age 80, but become larger after age 80. The curves of ADL status transition probabilities from "disabled" to "active" have an inverted J-type shape, which reaches a peak at age 70 to 74 and then declines sharply with increase in ages. Figure 3a indicates that, compared to those who are rural residents, the transition probabilities from "active" to "disabled" after age 80 are higher for urban residents (p = .0003). Elders living in rural areas have significant advantages in ADL status transition from "disable" to "active" over elders in urban areas at all old age groups (p = .0001). Poorer facilities may force rural old persons to perform daily activities by themselves, and more frequent physical activity may enable them to better maintain or recover their capacities for daily living than their urban counterparts do. Furthermore, a harder life and higher mortality at younger ages in rural areas may have resulted in a population of old persons who are more selected than their counterparts in cities and towns are.
The results in Figure 3b show that male elders have advantages over females in ADL status transition probabilities from "active" to "disabled" (p = .012), and from "disable" to "active" (p = .002). Such gender differentials of male advantages in ADL status transition found in this study are consistent with the existing literature (e.g., Manton & Land, 2000) .
There are almost no differences in transition probabilities from "active" to "disabled" between the groups who are currently married and not currently married including never-married, divorced, and widowed; married elders have some advantages over those unmarried elders in ADL transition probabilities from "disable" to "active," but the differences are small and not significant (see Figure 3c ).
The results in Figure 3d show that the ADL status transition probabilities from "disabled" to "active" among elders not co-residing with children are significantly higher than those who live with children (p = .025); the ADL status transition probabilities from "active" to "disable" among elders who do not co-reside with children are lower than those living with children after age 80, but the estimates are only marginally significant (p = .062). Those who live alone may more likely have active ADL capacity; such selection may result in elders having disadvantages in ADL status transitions more likely to co-reside with children compared to those who have good ADL capacity. Figure 4 gives the average home-based care cash expenditures per disabled elder per year by rural/urban residence, gender, marital status, and co-residence with children, which are estimated based on the CLHLS 2008 survey data and used as an input for projection in the present study. The results presented in Figures 4a-4c show that home-based care expenditures in cash per disabled elder per year are substantially and significantly higher among those who are in urban areas (p = .0001), males (p = .003), and the unmarried (p = .036), compared to those who are in rural areas, females, and currently married, respectively. The home-based care cash costs for those who do not co-reside with children are sizably higher than those living together with children, but the estimates are only marginally significant (p = .083).
Trends Under the Medium Scenario
Tables 2-4 show the outcomes of the projections under the medium scenario, which is in general reasonable and helpful to understand the basic characteristics of future trends (Smith, Tayman, & Swanson, 2001) , while the high and low scenarios reflect uncertainties and they will be discussed in the next section. A few insights can be summarized based on the massive information of our projection results.
1. Disabled elders will increase substantially faster than the total elderly population. Numerical results in Table 2 show that, during the period 2010-2050, the annual growth rate of the number of disabled elders (3.8%) is substantially higher than that of the total elderly population (data not shown in the tables) by more than one third. The number of disabled elders in 2050 will be 4.5 times as many as that in 2010, while the total number of old-age adults in 2050 will be 3.0 times as large as that in 2010. The dramatic rapid increase of the Chinese oldest-old aged 80+ compared to the young-old aged 65-79 in the next few decades (as reviewed in the Introduction section) may partially explain why the average annual growth rate of disabled elders is substantially higher than Ratio of n in 2050 to 2010 4.9 6.5 2.9 6.6 4.7
Note. ADL = activities for daily living; GDP = gross domestic product.
the annual growth rate of total elderly population during 2010-2050, because oldest-old have substantially higher likelihood of being ADL disabled as compared to young-old. Another explanation may be the rapid increase of proportion of urban population, while the urban elders have higher rates of ADL disability (see Figure 3a as discussed earlier). 2. Home-based care needs and costs for disabled oldest-old will increase much faster than that for disabled young-old after 2030. In general, the annual growth rate of disabled oldest-old in 2010-2050 is 4.8%, which is 1.8 times as high as that of the annual growth rate of disabled young-old (2.7%). The number of disabled oldest-old in 2050 will be 6.5 times as many as that in 2010, in contrast to the corresponding figures of 2.9 times for disabled young-old (see Table  2 ). The results in Tables 2 and 3 show that, during the period 2010-2030, the average annual growth rate of disabled oldest-old and the home-based care workdays devoted to them (4.3%-4.4%) is slightly higher than that of disabled young-old (4.1%). However, during the period 2030-2050, the average annual growth rate of disabled oldest-old and the home-based care workdays devoted to them (5.3%) is 4.2 times as high as that of disabled young-old (1.3%). These numerical results indicate that the speed of increase in home-based care needs and costs for disabled oldest-old will be accelerated and much faster than that for disabled young-old after 2030, which is due to that the baby boomer cohorts born in 1950s-1960s will enter oldest-old ages after 2030. 3. Disabled unmarried elders living alone increase substantially faster than those disabled unmarried elders living with children. The annual growth rates for disabled young-old and oldest-old who are unmarried and living alone are 3.4% and 5.1% on an average, respectively, which are much higher than those who are unmarried and living together with children (2.1% and 4.4%) during the period 2010-2050 (see Table 2 ). The number of disabled young-old and oldest-old who are unmarried and live alone in 2050 will be 3.8 times and 7.2 times as large as that in 2010, whereas the corresponding figures for those who are unmarried but co-reside with children will be 2.8 times and 5.0 times. 4. Increase of percentage of home-based care costs in cash for disabled elders as a fraction of total GDP is much faster than the growth rate of elderly population. The annual growth rate in percentage of homebased care costs in cash for disabled elders as a fraction of total GDP in the first half of this century will be about 4.0% to 4.8%, which is about 1.5 to 2.0 times as high as the annual growth rate of the elderly population (see Table 3 ). Such a trend may be mainly due to increase in the proportions of disabled older adults, compared to the total elderly population, is faster in general, especially much faster increase in disabled oldest-old and those disabled elders living alone in urban areas, whose home-based care costs per person are substantially higher. 5. Percent of rural disabled oldest-old will be substantially higher than percent of rural population after 2030. Data in Table 4 show that the rural-urban distribution of disabled young-old is generally consistent with the proportion of rural and urban residents of the total population. However, the percentage of disabled oldest-old in rural areas among the total number of disabled oldest-old of rural-urban combined in 2030 and 2050 is 45.1% and 33.6% (see Table 4 ), respectively, which is 5.1 and 8.6 percentage points higher than that of the projected proportion of rural residents among total population (see Table 1 ). The main reason is that most rural peasants, who were middle-aged in the 1980s and 1990s and will become oldest-old after 2030, may stay in their villages, while the large-scale population migration from rural to urban areas may continue to occur among younger people.
Possible Ranges of the Trends
The projection results under the low, medium, high(a), and high(b) scenarios presented in Figure 5 show that the total number of disabled elders in China will rapidly climb from 8.4 million in 2010 to 12.7 to 14.6, 19.0 to 24.9, and 37.3 to 61.8 million in 2020, 2030, and 2050, respectively. Figure 6 shows that the non-cash workdays of care provided by family members will increase rapidly from 2.3 billion workdays in 2010 to 3.5 to 4.1, 5.3 to 7.1, and 11.0 to 18.6 billion workdays in 2020, 2030, and 2050, respectively. Figure 7 shows that the percentage of home-based care expenditures in cash for disabled elderly among total GDP in China will grow from 0.24% in 2010 to 0.35% to 0.41%, 0.49% to 0.71%, and 0.85% to 1.66% in 2020, 2030, and 2050, respectively, assuming that the annual growth rates of home-based care costs for disabled elderly are the same as the annual growth rates of GDP. The percentage of total amount of home-based care expenditures in cash for disabled elders as a fraction of the total GDP in 2020, 2030, and 2050 will increase to 0.41% to 0.49%, 0.63% to 0.92%, and 1.14% to 2.21%, if we assume the annual growth rate of home-based care expenditures per disabled elder in 2010-2030 based on time series data analysis and trend extrapolation, and the care costs and GDP grow at the same speed after 2030 (see Figure 8 ). Note that the gap between the high (b) and low scenarios will increasingly enlarge as the projection period is prolonged, which is similar to the results in other demographers' high, medium, and low projections (Lee & Tuljapurkar, 2001) .
Resources of Care Providers Under Different Fertility Policy Scenarios
Under the rigorous fertility policy unchanged, the caregivers who are of working ages 18 to 64 will quickly shrink from about 900 million in 2010 to 720 million in 2050; From 2030 to 2050, the number of caregivers will be reduced by about 65 million every 10 years; when compared to 2030, the number of caregivers in 2050 will decline by 130 million; the number of caregivers aged 18 to 64 per elderly aged 65+ will dramatically decrease from 8.0 in 2010 to 3.5, and 2.0 in 2030 and 2050, respectively; the elderly dependent burden in 2030 and 2050 will be 2.3 and 4.1 times as high as that in 2010. The number of caregivers under the universal two-child policy will be about 50 million and 80 million more than that under the rigorous fertility policy unchanged in 2040 and 2050. As clearly shown in Figure 9 , the resources of caregivers and old-age support burden per caregiver under the universal two-child policy will be substantially better than that under the rigorous fertility policy unchanged.
Sensitivity Analysis
The sensitivity analysis presented in Table 5 shows that, when compared to the scenario which assumes constant ADL status transition rates, improved or deteriorated ADL status transition rates would cause care needs and costs of disabled elders in 2030 to be reduced by 10.9% to 12.6% (low versus medium scenarios) or increased by 12.6% to 14.2% (high(b) versus high(a) scenarios); the corresponding change in 2050 would be a reduction of 17.8% to 19.8% or increase of 30% to 32%. When compared to the medium mortality scenario, the more remarkable decline in mortality rates in the high(b) scenario would increase the home-based care needs and costs for disabled elderly by 11.9% to 25.2% and 29.6% to 37.7% in 2030 and 2050, respectively.
Discussions and Policy Considerations
This study shows that declines in mortality rates and changes in older adults' ADL status are the two most important determinants of home-based care needs and costs for disabled elders in the first half of this century in China. Our analysis also shows that, regardless of whether ADL status change rates are assumed to improve or deteriorate over time, and whether mortality rates 8.9 8.5 Figure 9 . Projected numbers of caregivers aged 18 to 64 under different fertility policies (unit: 100 millions). decrease moderately or remarkably, the home-based care needs and costs for older adults in China will increase substantially due to the inevitable trends of population aging and extremely fast increases of the oldest-old. Consequently, relevant reforms of policies and socioeconomic planning should be taken to respond to the serious challenges of large and rapid increases in home-based care needs and costs. Our projections found that if ADL status change rates substantially improve (under the low scenario) or substantially deteriorate (under the high(b) scenario), the care needs and costs for disabled elders would remarkably decrease or increase accordingly. Note that the most effective way to improve elderly ADL statuses is not only to cure disease but also to effectively prevent illnesses. The latter may be more important, as elders who are cured of one illness are likely to suffer another illness and long-term ADL disability if there is no improvement in their abilities to prevent disease. Therefore, studies of why some elders remain happy and healthy up to the oldest-old ages and how to reach such pathways of healthy aging should be further strengthened.
Our analyses show that female elders have significant disadvantages in ADL status transitions compared with male counterparts (see Figure 3b ). However, the home-based care expenditures for female disabled elders are much lower than those for male disabled elders (see Figure 4b) ; this is an important problem that should receive much more attention from the Chinese government and society. The government and society should try their best to guarantee that both male and female older adults enjoy equal benefits. The finding that home-based care expenditures for disabled elders without a spouse are much higher than those for married disabled elders (see Figure 4c ) indicates that, to reduce home-based care costs for the elderly, remarriage for widows and widowers should be strongly encouraged, and a series of measures should be taken to remove obstacles to remarriage, especially in rural areas, in terms of laws, regulations, and social attitudes.
This study shows that if the rigorous fertility policy remains unchanged, the burden of home-based care for disabled older adults per caregivers of working ages will be increasingly aggravated and much more serious than that under the universal two-child policy. The projection results demonstrate the lagging effect of fertility policy transition due to the fact that it takes about 20 years for the new births to join the labor force, but this substantially alleviates the serious challenge of population aging and caregiving in China. If China adopts the two-child policy as soon as possible, the home-based care burden for disabled elderly per caregiver of working ages will be significantly reduced after 2030 compared to the rigorous fertility policy unchanged scenario. If the fertility policy transition is delayed 5-10 years, the newly born babies will still be children or adolescents who need to be supported for a rather long period after 2030; this need will combine with the sharp increase in the elderly population and rapid decline of caregivers resources then, and thus overload the working-age population and bring the social security system of China to the verge of collapse. Furthermore, the results of other studies show that there are many other serious problems if the present fertility policy in China remains unchanged (Zeng, 2006 (Zeng, , 2009a (Zeng, , 2009b (Zeng, , 2009c . Thus, we suggest that the universal two-child policy program should be launched as soon as possible.
Our projection results also show that, even under the universal two-child policy, home-based care needs and costs for disabled elders per working-age person will increase remarkably; disabled unmarried elders living alone increase substantially faster than those disabled unmarried elders living with children; percent of rural disabled oldest-old will be substantially higher than that of rural population after 2030. Beside the adjustment of the rigorous fertility policy, other socioeconomic countermeasures should also be taken. For example, including elderly parents (especially oldest-old) in rural-tourban family migration; adult children may be encouraged to live together with or near to their old-age parents, especially those unmarried old parents, which will help elders to obtain home-based care from children whenever they need. Co-residence with or close proximity to children will decrease cash home-based care expenditures for disabled older adults; living in close proximity would overcome intergenerational conflicts between elders and their co-residing children/grandchildren concerning eating and entertainment, etc., which will increase the happiness of elderly parents as well as enable the old parents to take care of the grandchildren If these programs together with other appropriate institutions and policies including accumulation of human and physical capitals (Lee and Mason, 2010) , increasing retirement age and strengthening rural old age insurances programs, China may successfully deal with problems of population aging .
Concluding Remarks
In summary, this article further develops the ProFamy extended cohort-component model and empirically applies it to project future home-based care needs and costs for disabled older adults, by an integration of multistate projections of elderly disability status transitions with those of household structures and living arrangements, based on the commonly available demographic data. This integrated multistate model projects the dynamics of ADL statuses and yearly workdays and payments for disabled elders, providing relatively more realistic and detailed information of future trends than previous similar studies which excluded elderly living arrangements, which is a crucially important determinant of home-based care needs and costs. To our knowledge, this is the first successful attempt to integrate multistate dynamic projections of elderly activity of daily living statuses transitions, household structure, living arrangements, home-based care needs and costs for disabled elders, as well as the working-age care providers simultaneously in one model. The detailed projections we have presented could prove useful for governmental policy analysis and strategic plans of future public services and for private sector market potentials research.
There are, however, some important limitations of the projections presented in this study that should be investigated in future research. First, due to space limitations, we have presented here only the general trends and patterns of both-genders-combined numbers of disabled elders aged 65+ and disabled oldest-old aged 80+, and the yearly workdays and payments of home-based care for them by rural/urban residence and living arrangement. These results are extracted from more detailed projection outcomes of the numbers of disabled elders, the yearly workdays and payments of homebased care by gender, rural/urban residence, 5-year age groups, marital status and living arrangements, based on our multistate model and the available CLHLS datasets.
Second, in this article, we mainly follow the expert opinion approach for projecting future demographic summary measures, disability trends and perdisabled-elder home-based care hours and payments. This serves reasonably well for the purpose of demographic and policy research simulations in a relatively longer time horizon of 40 years from 2010 to 2050. Within the multistate model framework, future summary measures can also be forecasted using methods of time series analysis and regression models with a focus on shorter forecasting time horizons. Furthermore, these parameters may be forecasted by regressions including time series data of other related socioeconomic covariates. It should always be noted, however, that the accuracy of the forecasts relies heavily on the validity of assumptions regarding future time paths of the various covariates included in the forecasting model. Erroneous assumptions about too many covariates and parameters included in the model can quickly lead to forecasts that are far off the mark (e.g., Lee & Tuljapurkar, 2001) .
Finally, we emphasize that projections for time horizons of less than 20 years may be used as forecasting for business and governmental planning, but any results beyond that should be considered to be simulations only, due to large uncertainties after more than 20 years. Thus, the projection results of the middle years of this century presented in this article should be mainly regarded as simulations. Such simulations are useful for the academic and policy analysis to answer the "what, if" questions about effects of changes in demographics and disability status transition rates on the future general trends and patterns of elderly disability, home-based care needs and costs for disabled elders in China, but they cannot be considered to be accurate forecasts.
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